Abstract: This study aimed to perform a systematic review and meta-analysis to evaluate the effectiveness of chlorhexidine varnish on the reduction of caries incidence during fixed orthodontic treatment. The literature searches involved The Cochrane Library, Medline, Scopus, OpenSigle databases and manual searches. The search on OpenSigle did not produce any additional articles. Clinical studies conducted in patients with orthodontic fixed appliances that used professional application of chlorhexidine varnish were included. The effect-size was calculated and a metaanalysis was performed. From 182 abstracts, a total of six articles fulfilled the inclusion criteria. After reading the full articles, one was excluded because of lack of a control group. Three articles were used for continuous data analysis, and two articles were used for the dichotomous data analysis. The pooled meta-analysis with continuous data demonstrated chlorhexidine varnish effectiveness on caries reduction (p = 0.003), with a mean difference and confidence interval of −1.49 [−2.47, −0.51]. On the basis of the pooled meta-analysis of continuous data, we were able to conclude that professional application of chlorhexidine varnish is effective in caries incidence reduction during fixed orthodontic treatment.
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Introduction
Caries is a clinical and etiological heterogeneous condition 1 and is a major oral health problem in most industrialized countries. 2 Caries can present as a cavitated lesion, or as a non-cavitated lesion, also referred to as a white spot lesion (WSL). WSL is the incipient caries lesion and is limited to the enamel, in which its clinical presentation includes alterations in color of white, well-defined areas (According to The American Dental Association Caries) 3 . Different methods have been applied in caries prevention and control. 2 In orthodontic patients, caries prevention represents a significant challenge; in fact orthodontic treatment with fixed appliances is considered a risk factor for caries development. 4 A common complication in fixed orthodontic treatment is the development of WSL surrounding the orthodontic appliances 5, 6 . Reportedly, 50% patients experienced an increase in WSL incidence Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
during orthodontic treatment. 6 In addition, caries progression occurs more rapidly in patients with orthodontic appliances. 7 The extremely high cariogenic challenge that develops around brackets and beneath ilI-fitting bands explains the association between high caries experience and orthodontic fixed appliances. The biofilm formation on these regions acts as a highly organized microbial community 8 that is responsible for the WSL formation. This cariogenic environment of an orthodontic fixed appliance requires special preventive programs, such as the use of the chlorhexidine (CHX), 4 considered a safe, bacteriostatic and bactericidal agent to be indicated in dentistry.
9 Although several studies have reported an antimicrobial effect of CHX varnish in plaque formation, the clinical effectiveness of CHX varnish on caries prevention and control during fixed orthodontic treatment, (considered a high-risk factor for caries development), is still inconclusive. Therefore, the aim of this study was to evaluate the effectiveness of CHX varnish on the reduction of caries incidence during fixed orthodontic treatment.
Methodology
This systematic review and meta-analysis was performed according to Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) statement.
10 It was also registered with PROSPERO (CDR42015023395).
Search strategy
A search of the literature was performed manually during June 2015 using the following databases: Medline, Scopus, and The Cochrane Library. The gray literature was also consulted through Opensigle. Experts were contacted to identify unpublished and ongoing studies. The searches were complemented by the screening of references of selected articles to locate any study that did not appear in the database search.
The search strategy was based on the Medical Subject Heading terms (MeSH) 
Eligibility criteria of the articles
The focused question was formulated according to the "PICO (Population, Intervention, Comparison, Outcome)" method. Specifically, clinical studies conducted in orthodontic young adult patients with orthodontic fixed appliances (P), with the use of professional CHX varnish (I), comparing the CHX varnish effectiveness with a control group (C) on the caries incidence (O).
Inclusion and exclusion criteria for the review were recognized as a priority, and applied independently by the authors. Split-mouth and parallel-group trials comparing CHX varnish to placebo or no treatment were included. The trials should have a minimum duration of 24 weeks. Articles that evaluated removable orthodontic appliances, fixed orthodontic appliances without brackets, or fixed orthodontic appliances with esthetic brackets (plastic or ceramic) were excluded.
The included articles were identified by the title and abstract, followed by the full text analyses. Two examiners (EMPO and LNSR) evaluated the articles. If there were differences in opinion, disagreement among examiners was reexamined in consensus meetings with a third examiner (ECK).
Data extraction and quality assessment
The examiners (EMPO, MBSS, and ECK) performed the independent data extraction and qualitative methodological quality assessment of the included articles. The data extraction included the articles' characteristics. We also attempted to extract any information regarding "effect modifiers" (factors possibly involved in the caries experience during orthodontic treatment) reported by the authors such as 1) water fluoridation; and 2) oral hygiene reinforcement program.
Qualitative scoring of 13 criteria was performed by two examiners (EMPO and MCB). The selected criteria were based on the guideline described by Fowkes and Fulton 11 and was used as a control for influence bias, to gain insight into potential comparisons and to guide interpretation of findings.
Meta-analysis
In order to standardize the continuous data for the quantitative analyses, when the results were presented as median, the mean value and the standard deviation was calculated using the formula proposed by Hozo et al. 12 The calculation of the effect-size was performed in order to normalize the data, independent of the sample size and quantify the magnitude of the increase of caries incidence. The mean differences before-after debonding and their standard deviations were extracted. Means and standard deviations were converted into effect-size. Individual study effect-sizes were calculated and classified as suggested by Cohen, A meta-analysis was also performed to combine comparable results, using the Review Manager (version 5.3). The analyses were performed according to the data presented in each article; therefore, two Forest plots were constructed for the continuous data and for the dichotomous data.
For continuous data, the weighted mean differences of caries incidence between CHX and control groups were performed using the inverse-variance meta-analysis. For dichotomous data, the odds ratio was calculated in order to analyze the chance of an increase in caries incidence using the Cochran-Mantel-Haenszel test. We used a random-effects model because it takes into account the clinical heterogeneity of the included articles.
14,15
We used the I 2 statistic to measure the extent of heterogeneity between articles, in which I 2 values of 25%, 50%, and 75% indicated low, medium, and high heterogeneity, respectively.
Results
T he sea rch i n t he databases resulted i n 182 articles. Twenty-five duplicated articles were removed. Articles with titles and abstract not related to the subject were excluded, thus, seven articles remained to be read in entirety. One article was excluded because of the lack of a control group. Six articles 16, 17, 18, 19, 20, 21 were included in the systematic review. Figure 1 illustrates the search results. The contacted authors advised that there were no ongoing studies, and the search on OpenSigle yielded no additional articles. The extracted data of the included articles are presented in the Table 1 . Only one article 18 used 40% CHX varnish. The other five articles 16, 17, 19, 20, 21 used CHX varnish 1% with thymol 1%. Variances among the articles regarded the study design, CHX application, population, caries diagnosis and measurement, and duration of the trials. Table 2 reported the qualitative scoring of the included articles. Only three articles 16, 17, 20 reported the use of randomization. None of the articles fully reported the sample size calculation.
Effect-size and meta-analysis
The effect-size calculation was performed for five 16, 17, 19, 20, 21 articles that presented the data as a continuous variable. The effect-size of each study is presented in Table 3 .
The data from four 16, 18, 19, 21 articles included studies that compared via meta-analysis. Three articles 16, 18, 19 were included in the continuous data meta-analysis, two articles 16, 21 were included in the dichotomy data meta-analysis, and one article was 16 . Two articles 17,20 were excluded from meta-analysis because in addition to the CHX, they applied fluoride varnish, hence constituting a bias.
The Forest plot of the mean difference between the CHX group and control group among the articles is presented in Figure 2 . The pooled meta-analysis with continuous data demonstrated that CHX varnish was more effective on caries reduction than the placebo was (p = 0.003), with a mean difference and confidence interval of −1.49 [−2.47, −0.51]. Figure 3 presents the frequency difference among the articles that presented the data as a dichotomous variable. The dichotomous analysis did not demonstrate an association between CHX varnish and caries incidence reduction (OR = 0.52; confidence interval = 0.17, 1.59; p = 0.25). The overall heterogeneity (I 2 ) among the articles was low. Heterogeneity. Tau a = 0.00; Chi a = 0.71, df = 2 (P = 0.40); I a = 0%
Test for overall effect Z = 1.14 (P = 0.25) 
Discussion
During orthodontic treatment, proper oral hygiene is more difficult, resulting in biofilm retention and consequently, caries establishment and development. Previous studies attempted to review the evidence regarding CHX varnish in caries prevention. A systematic review performed by James et al. 22 reported that existing evidence does not support the use of CHX varnish for preventing caries in children and adolescents. On the other hand, a systematic review performed by Slot et al. 23 demonstrated that CHX varnish might have a place for high-risk patients, such as the elderly. Although orthodontic patients with fixed appliances are considered high risk, the studies are contradictory regarding the effectiveness of CHX varnish in caries prevention during orthodontic treatment. Therefore, we conducted a systematic review followed by meta-analysis to elucidate this query.
CHX is an oral antiseptic used to prevent gingivitis, periodontitis, and caries
9
. Different concentrations and formulations of CHX exist for oral health. CHX has bacteriostatic action at low concentration, and bactericidal action at high concentration 9 . A sizeable number of publications evaluating CHX in orthodontic patients were performed. A recent systematic review concluded that, indeed, the majority of studies found CHX varnish to be an effective antimicrobial against mutans streptococci 24 . However, a significant number of these articles did not evaluate caries as an outcome of the treatment 25, 26 . Instead, they attempted to analyze mutans streptococci reduction as an outcome. Mutans streptococci are associated with caries, primarily initial caries lesions 8, 27 . Regardless, we excluded the articles that evaluate only mutans streptococci reduction as an outcome because of the fact that presence of these microorganisms does not necessarily reflect the clinical presentation of the disease.
The long-term use of CHX mouth rinses can cause staining of the teeth and tongue 28 . However, this side effect can be eliminated with the use of local CHX varnish application 29 . In the selected articles, different concentrations of CHX varnishes were used. Jenatschke et al. 18 used 40% CHX varnish every 8 weeks; they relayed that the application of the viscous varnish was very difficult. Despite the high concentration of CHX used by the authors, no statistically significant difference was demonstrated. Simply a tendency toward improvement was shown.
CHX binds surrounding tissues and can be released again slowly over extended periods of time, a phenomenon known as substantivity 30 . Although CHX substantively is well reported, half of the selected articles used the split-mouth technique 16, 19, 21 . The spilt-mouth design could allow a bias for these studies, because of the potential for a carry-over effect from the test side to the control side 22 . The articles included have some methodological d i f fe r e n ce s, a lt houg h t hey e x h ib it e d low heterogeneity, demonstrating them to be comparable in our meta-analysis results. Although our forest plot of the dichotomous data did not demonstrate statistical difference between groups, this finding must be carefully interpreted. Our meta-analysis of the continuous data demonstrated an association between CHX varnish treatment and caries incidence reduction. The majority of articles included used the DMFS index for caries assessment. Sköld-Larsson et al. 16 used DMFS index and also laserfluorescence for WSL detection. Although the studies presented slight differences in caries diagnosis, they maintained the same criteria for assessment of the control and experimental groups. We suggested that this is responsible for the low heterogeneity found in our results.
It is important to emphasize that although only the meta-analysis with continuous data presented a statistical difference between the groups, both meta-analyses demonstrated a protective effect for CHX varnish against caries during orthodontic treatment. We attributed this difference to the greater accuracy in values of continuous data. A clear example is the article of Sköld-Larsson et al. 16 included in the meta-analysis providing continuous and dichotomous data. The continuous data resulted in a statistical difference favoring CHX varnish. The dichotomous data favors CHX varnish but resulted in no statistically significant differences.
Results clearly demonstrate the need for additional, high quality clinical trials to examine CHX varnish effectiveness on caries prevention during orthodontic
